The extent of the accretion disk in the low/hard state of stellar mass black hole X-ray binaries remains an open question. There are some evidence suggesting that the inner accretion disk is truncated and replaced by a hot flow, while the detection of relativistic broadened iron emission lines seems to require an accretion disk extending fully to the innermost stable circular orbit. We present comprehensive spectral and timing analyses of six Nuclear Spectroscopic Telescope Array (NuSTAR) and XMM-Newton observations of GX 339-4 taken during outburst decay during the autumn of 2015. Using a spectral model consisting of a thermal accretion disk, Comptonized emission, and a relativistic reflection component we obtain a decreasing photon index, consistent with an X-ray binary during outburst decay. Although, we observe a discrepancy in the inner radius of the accretion disk and that of the reflector, which can be addressed to the different underlying assumptions in each model, both model components indicate a truncated accretion disk that resiles with decreasing luminosity. The evolution of the characteristic frequency in Fourier power spectra and their missing energy dependence support the interpretation of a truncated and evolving disk in the hard state. The XMM-Newton dataset allowed us to study, for the first time, the evolution of the covariance spectra and ratio during outburst decay. The covariance ratio increases and steeps during outburst decay, consistent with increased disk instabilities.
Introduction
GX 339-4 can be regarded as the archetypical lowmass black hole X-ray binary. Since its discovery in 1973 by the OSO-7 satellite (Markert et al. 1973) , it showed frequent outbursts of varying strength, and there is a possible ∼200 days long-term variability (Kong et al. 2002) . Both, the mass of the black hole in and the distance to GX 339-4, are rather uncertain, estimated at M ≃ 10M ⊙ and d ≃ 8 kpc by Zdziarski et al. (2004) . Based on NuSTAR observations, Parker et al. (2016) used the spin and inclination they determined from modelling the reflection component as input for the continuum fitting to obtain a mass of 9.0 +1.6 −1.2 M ⊙ and a distance of 8.4 ± 0.9 kpc just from the X-ray spectrum.
During most of its outbursts GX 339-4 evolves from the so called low/hard state (LHS) through the hard and soft intermediate states (HIMS/SIMS) to the high/soft state (HSS), where it can remain for several weeks, before it returns at lower luminosity into the LHS, passing again through the SIMS and HIMS.
Here, we follow the classification of Belloni (2010) ; see however McClintock & Remillard (2006) for an alternative classification. The different states through which the black hole transient evolves can be identified in the hardness intensity diagram (HID; Belloni et al. 2005; Gierliński & Newton 2006; McClintock & Remillard 2006; Fender et al. 2009; Belloni 2010) , as the hard and soft states have distinct spectral properties. In the LHS the X-ray spectrum is dominated by Comptonized emission, which can be described by a power law with a photon index of Γ ≤ 1.7 and cut-off energies of ∼ 50 -100 keV. In the HSS the X-ray spectrum is dominated by thermal emission of the accretion disk. Furthermore, hard and soft states show distinct variability properties. The power density spectra (PDS) of the LHS show strong (up to 40 -50 per cent) band limited noise (BLN) and quasi-periodic oscillations (QPOs), while PDS of the HSS show weak (few per cent) power law noise.
While there is strong observational evidence that for a large fraction of the HSS the accretion disk extends all the way down to the innermost stable circular orbit (ISCO; Gierliński & Done 2004; Steiner et al. 2010) , the accretion geometry in the LHS has been a subject of intense debate in recent years. In the quiescent state, the disk is found to recede (McClintock et al. 1995 (McClintock et al. , 2003 Narayan & Yi 1995; Narayan et al. 1996; Esin et al. 1997 Esin et al. , 2001 ). This suggests that a truncated disk is required in early stages of an outburst, and that the LHS is dominated by emission of an optically thin, advection-dominated accretion flow (see e. g. Esin et al. 1997) surrounded by an accretion disk truncated far away from the ISCO (Done et al. 2007; Belloni 2010; Yuan & Narayan 2014) . During the outburst, the inner accretion disk must then evolve and extend itself closer to the black hole.
Based on observations of soft emission in the LHS, which is often attributed to disk emission, the inner disk radius can be determined by modelling this component. Alternatively, the disk radius can be inferred from modelling the reflection component, as the disk acts as a reflector. GX 339-4 is a key source in the inner disk truncation debate. Some studies of GX 339-4 at luminosities ≥ 1% L Edd suggested an inner disk radius consistent with a disk extending down to the ISCO (Miller et al. 2006; Tomsick et al. 2008; Petrucci et al. 2014 ). However, Done & Diaz Trigo (2010) using the same data as Miller et al. (2006) and Tomsick et al. (2008) , found a large truncation radius.
The discrepancy was attributed to the severe pile-up in the XMM-Newton MOS data, which broadens the iron line. A highly truncated disk has been also found by Kolehmainen et al. (2014) , who calculated the inner radius both from modelling the disk emission and that of the reflection component. Interestingly, the radii calculated by the two methods do not agree with each other. A study of the 2013 outburst, in which GX 339-4 always remained in the LHS, found an inner disk radius of R in ∼ 20R g from both disk and reflection spectral components (Plant et al. 2014) . Based on a systematic study of the iron line region, that tracked the evolution of the inner accretion disk in the LHS, Plant et al. (2015) found an accretion disk that extended closer to the black hole at higher luminosities, but was consistent with being truncated throughout the entire LHS. Basak & Zdziarski (2016) reanalysed seven archival XMM-Newton observations of GX 339-4 in the hard state at outburst rise, fitting the data with a modified diskbb (Mitsuda et al. 1984) plus relxill García et al. 2014 ) model (they split the normalisation of the diskbb component into two factors, one depending on the mass and distance, and one depending on the 'true' inner disk radius and inclination, where the latter one can then be linked to the corresponding parameters of the relxill model). They found that the inner disk radius of the accretion disk could not be set equal to that of the reflector and obtained an evolution of the inner disk radius consistent with the truncation disk model. The discrepancy between the two radii implied that the soft spectral component was not a standard blackbody disk. Studies of GX 339-4 at luminosities below 1% L Edd found a truncated accretion disk (Tomsick et al. 2009; Allured et al. 2013) .
Reflection modelling and disk continuum models also allow us to estimate the spin and inclination. Although there is a discrepancy between the results obtained with these two methods, which is likely due to different underlaying assumptions in the models (Reynolds 2014; McClintock et al. 2014) , a Schwarzschild (i. e. non-spinning) black hole can be ruled out with high significance (Miller et al. 2008; Kolehmainen & Done 2010) . Most studies prefer a spin of a > 0.9 (see Parker et al. 2016 , for a recent overview and references therein). Only Kolehmainen & Done (2010) argued, based on continuum modelling and assuming an inclination > 45
• , that the spin should be less than 0.9.
The inclination of GX 339-4 is only weakly con-strained by dynamic measurements. It must be less than 60
• , as the system is non-eclipsing (Cowley et al. 2002) , and a plausible lower limit of i > 45
• is given from the mass function (Zdziarski et al. 2004 ). Measurements of the inner disk inclination from the broad iron line prefer rather low values: i = 12
•+4 −2 (Miller et al. 2004) , i = 19
• ± 1 • (Miller et al. 2008) , i = 18.
• 2
+0.3
−0.5 (Reis et al. 2008) , while using relativistic reflection models give values ≥ 30
• : 36 García et al. 2014) , 48
• ±1
• (García et al. 2015) , 31
• to 59
• (depending on the model; Ludlam et al. 2015) , 30
• (Parker et al. 2016) . A combined spectroscopy and timing analysis fitting both the lag and spectral data obtained i < 30
• (Cassatella et al. 2012b) .
By fitting mean X-ray spectra, one studies the time-averaged spectral shape of a source, learning nothing about how the individual spectral components vary with respect to each other in time. One technique to construct 'variability spectra' is to obtain a PDS for each individual energy channel and to integrate the PDS over a given frequency range to measure the variance in that channel. That way one can construct an rms spectrum, and examine the components which vary over that frequency range (e. g. Revnivtsev et al. 1999; Vaughan et al. 2003) . Wilkinson & Uttley (2009) developed a technique called covariance spectra, which is similar to rms spectra and allows to disentangle the contribution of spectral components to variations on different time-scales. The covariance is derived between the channel of interest and a broader reference band, which makes it more robust regarding low signal-to-noise data. Covariance spectra and ratios derived from XMM-Newton data taken during the LHS at the beginning of an outburst revealed an increased disk blackbody variability with respect to the Comptonized emission below 1 keV at time scales longer than 1 s (Wilkinson & Uttley 2009; Cassatella et al. 2012a ). On shorter timescales variability of the Comptonized component drives the disk variability, consistent with propagating models modified by disk heating at short timescales.
In this paper, we present a comprehensive study of the spectral and temporal variability properties of six NuSTAR and XMM-Newton observations of GX 339-4 taken during decay of its 2014/15 outburst.
Observation and data analysis

Swift monitoring
The 2014/15 outburst of GX 339-4 was detected by Swift/BAT (Yan et al. 2014 ) and followed-up with the Swift satellite (Gehrels et al. 2004; Barthelmy et al. 2005) . We analysed all Swift/XRT (Burrows et al. 2005 ) observations taken in windowed timing mode between 2014 October 31st and 2015 October 3rd, using the online data analysis tools provided by the Leicester Swift data centre 1 , including single pixel events only (Evans et al. 2009 ). (Jansen et al. 2001 ) followed the decay of the outburst with six observations. The first five observations are taken with a spacing of 5 days, while the sixth observation is taken 13 days after the fifth. Details on individual observations are given in Table 1 . We solely employed EPIC/pn data in our study, as they provide higher time resolution and are less affected by pile-up than data of the MOS cameras. We filtered and extracted the EPIC/pn event files using standard SAS (version 14.0.0) tools, paying particular attention to extract the list of photons not randomised in time. We analysed the data with the SAS task epatplot to check if the data are affected by pile-up and ended up using a source region that gives us an observed pattern distribution that follows the theoretical prediction quite nicely. We included single and double events (PATTERN≤4) in our study.
XMM-Newton
For our timing studies we selected the longest interval of continuous exposure available in each observation. We produced PDS in the 1 -2 and 2 -10 keV band. We subtracted the contribution due to Poissonian noise (Zhang et al. 1995) , normalised the PDS according to Leahy et al. (1983) and converted to square fractional rms (Belloni & Hasinger 1990) .
To extract energy spectra we used the total exposures. We extracted energy spectra and corresponding background spectra, redistribution matrices, and ancillary response files for all observations.
NuSTAR
NuSTAR (Harrison et al. 2013 ) observations taken simultaneously to the XMM-Newton observations are available. Details on individual observations are given Table 2 . We analysed NuSTAR data using the NuSTARDAS (version 1.4) tools nupipeline and nuproducts, with CALDB 20160325. We extracted source photons from a circular region with a radius of 30" located at the known position of GX 339-4. A background region of the same shape and size located close to the source on the same detector and free of source photons was used. To investigate short term variability we derived cospectra in the 3 -30 keV band using MaLTPyNT (Bachetti 2015) . The energy range between 3 and 30 keV comprises about 97 per cent of the source photons detected with NuSTAR in the 3 -78 keV band. The cospectrum is the cross PDS derived from data of the two completely independent focal planes and represents a good proxy of the whitenoise-subtracted PDS .
Results
Hardness intensity diagram and light curve
Based on the data available from the Swift/XRT monitoring of the outburst, we determined the source count rates in the total (0.8 -10 keV), soft (0.8 -3 keV), and hard (3 -10 keV) energy band, and derived a hardness ratio by dividing the count rate observed in the hard band by the one obtained in the soft band. The HID and the long term light curve is shown in Fig. 1 and Fig GX 339-4 was already on its way to the soft state. The source entered into the HSS and stayed there at least until 2015 July 27. In the next available observation, taken after a gap of 31days, GX 339-4 is already in the intermediate states on its way back to the LHS. In the light curve the times when the XMM-Newton/NuSTAR observations took place are indicated.
Power density spectra
For the XMM-Newton data, we derived PDS in the 1 -2 and 2 -10 keV range, for the NuSTAR data we derived cospectra in the 3 -30 keV range (Fig. 3) . For XMM-Newton data, we used time bins of three times the frame time, which allowed us to sample frequencies up to ∼ 28 − 29 Hz, and stretches of 16384 bins. For NuSTAR data we used time bins of 2 −8 s and stretches of 512 s. In general the PDS show band limited noise (BLN) components, fitted with zerocentered Lorentzians. Parameters can be found in Table 3. For the XMM-Newton data the soft and broadband PDS can be fitted with two BLN components. The same is true for the first two NuSTAR observations, while the remaining four NuSTAR observations require three BLN components. The additional BLN component shows up at a rather high characteristic frequency (∼8.7 Hz) that decreases with ongoing outburst decay. An overall decrease of the characteristic frequency also shows up in the other two BLN components of the NuSTAR data. In the XMM-Newton PDS the decreasing trend in the characteristic frequency is less obvious (Fig. 4) . A QPO at a characteristic frequency of ν char = ν 2 0 + ∆ 2 ∼ 0.08 −0.09Hz is present in obs. 6. Parameters, including peak frequency (ν 0 ) and half width at half maximum (∆), are given in Table 3. Its significance decreases with higher energy (3.7σ in the 1 -2 keV band, 2.8σ in the 2 -10 keV band, and 2.4σ in the 3 -30 keV band) and its Q factor is high (Q = ν 0 /2∆ > ∼ 20). The feature is a type-C QPO Belloni et al. 2011) . No harmonics are detected, which is most likely related to the fact that the observation is taken late during outburst decay when the source is already rather faint. In the XMM-Newton data of obs. 1 a peaked noise component at ν char ∼ 0.21Hz is present (parameters are given in Table 3 ). Its significance in the 1 -2 keV band (2.8σ) is higher than in the 2 -10 keV band (2.3σ), while the Q factor in the soft band (4.0) is smaller than in the 2 -10 keV band (5.3). 
Covariance spectra
Using XMM-Newton data, which cover energies below 3 keV, we derived covariance spectra on short and long timescales and obtained covariance ratios dividing the long timescale covariance spectrum by the short timescale one (Wilkinson & Uttley 2009; Stiele & Yu 2015) . We used the energy range between 1 and 4 keV as reference band, taking care to exclude energies from the reference band that are in the channel of interest. Taking a look at the PDS, we found that the break frequency where the top-flat part of the PDS goes into the decaying part evolves between different observations (see Fig. 3 ). We can use the following timescales for all observations to compare variability in the decaying part of the PDS to variability in the flat part: 0.05 s time bins measured in segments of 3.5 s for shorter time scales and 12.5 s time bins measured in segments of 625 s for longer time scales. The obtained covariance ratios are shown in Fig. 5 , where different symbols indicate different observations. We find that the (energyaveraged) covariance ratio increases during outburst decay. Furthermore, we find in all observations at energies below ∼ 2 keV an increase of the covariance ratios towards lower energies. This behaviour has also been observed for observations of GX 339-4 taken during outburst rise and has been interpreted as sign of additional disk variability on longer timescales (Wilkinson & Uttley 2009; Stiele & Yu 2015) . Comparing the long-to-short covariance ratios of different observations with each other reveals that the increase of the covariance ratio steepens with time. While for the first four observations the covariance ratios above 2 keV remain rather flat, we find an increase towards higher energies in the last two observations. In addition to study covariance ratios by comparing spectra on long and short timescales for each observation, we can derive ratios by comparing variability spectra on short (or long) timescales between different observations (Fig. 6) . The ratios obtained by dividing the short and long timescale covariance spectra of all observations by those of the first observation, show an increase towards higher energies. This indicates that GX 339-4 hardens during outburst decay. For the short timescale ratios, we find that the ratio decreases during outburst decay, which is to be expected as the source gets fainter during outburst decay. On the long timescale GX 339-4 first gets brighter before it reaches again in obs. 4 a brightness comparable to that of the first observation, and then gets fainter in the last two observations. Deriving ratios relative to obs. 2, we see that on short timescales the ratios (of the later observations) are rather flat, indicating that not much spectral evolution takes place on short timescales after obs. 2, while the spectral hardening continues on the longer timescales.
Energy spectra
We fit averaged energy spectra, using simultaneous XMM-Newton/EPICpn and NuSTAR data, within isis (V. 1.6.2; Houck & Denicola 2000) in the 0.8 -78 keV range, where XMM-Newton data covered the 0.8 -10 keV range and NuSTAR data the 4 -78 keV range. We excluded NuSTAR data between 3 and 4 keV from our analysis, as the spectral residuals show a clear mismatch of NuSTAR in this energy range. This behaviour has been observed previously and is attributed to pile-up and cross-calibration differences (Fürst et al. 2016) , which are taken care of in newer versions of NuSTARDAS and CALDB. We grouped the XMM-Newton data to a minimum signal to noise ratio of three and the NuSTAR data to a minimum signal to noise ratio of five. For the four XMM-Newton observations taken in timing mode, we ignored energies between 2.0 and 2.4 keV, as this energy range is affected by a residual feature related to small shifts in energy gain at the Si-K and Au-M edges of the instrumental response (Kolehmainen et al. 2011) . To fit the energy spectra we used the relxill model García et al. 2014) together with a disk blackbody component (diskbb; Mitsuda et al. 1984 ). The relxill model allows us to fit the Comptonized emission including relativistic reflection. We included an absorption component (TBabs; Wilms et al. 2000) , using the abundances of Wilms et al. (2000) and the cross sections given in Verner et al. (1996) . We also added a floating crossnormalization parameter, which was fixed to one for NuSTAR FPMA, to take uncertainties in the crosscalibration between the different telescopes into account. We constrained the foreground absorption to N H = 5.55 ± 0.09×10 21 cm −2 , fixed the inclination at 30
• and the spin at 0.95 (Parker et al. 2016) . We used an emissivity index of 3 (Reynolds & Begelman 1997) . Fürst et al. (2015) showed that allowing for a variable emissivity index all other parameters did not change significantly.
Allowing for a free ionization parameter and iron abundance in the relxill model, we find that these two parameters show large variability between different observations. The ionization parameter in obs. 2, 3 and 4 is close to zero, indicating a neutral disk, while the disk seems to be highly ionised in obs. 1 and 5, and slightly ionised in obs. 6. The iron abundance decreases from ∼6 in the first observation down to ∼2 in obs. 3 and then increases to the maximum allowed value of 10 in the last observation. This behaviour, especially the one of the iron abundance, seems to be highly unphysical. Fürst et al. (2015) addressed a problem with a too high iron abundance by allowing the photon-indices of the continuum and the input to the reflector to be different. Including an additional nthcomp (Zdziarski et al. 1996; Życki et al. 1999 ) component, we find an unphysical high iron abundance of 10 in all observations, and an ionization parameter of 3 -4 in all observations but the last one, where it is close to zero. Basak & Zdziarski (2016) , who reanalysed seven archival XMM-Newton observations of GX 339-4 in the hard state at outburst rise with a model similar to the one used in our study, also found that the iron abundance pegged at the maximum allowed value when the diskbb normalisation is a free parameter. Since adding an nthcomp component does not help to get a more physical iron abundance, we fixed A Fe at the best fit value of 1.58 obtained by Fürst et al. (2015) . As we still find a very low ionization parameter in obs. 2, 3, and 4 and a high ionization parameter in obs. 1, 5, and 6, we decide to fit all observations either with a low or a high ionization parameter.
The energy spectra of the first and last observation are shown in Fig. 7 . The obtained spectral parameters are given in table 4 and how they evolve during outburst decay is shown in Fig. 8 . We find that the inner disk radius obtained from the diskbb model increases, while the disk temperature, photon index and relxill normalization decrease monotonically along outburst decay. We derive the inner disk radius from the normalisation of the diskbb model, assuming a distance to GX 339-4 of 8.4 ± 0.9 kpc and an inclination of 30
• (Parker et al. 2016) , and including a correction factor of 1.18, to account for spectral hardening (assuming a hardening factor of 1.7) and for the fact that the disk temperature does not peak at the inner radius (Reynolds & Miller 2013 ). The reflection fraction, which is always below unity, also shows a decreasing trend. Small reflection fractions below 0.5 have also been measured for the LHS at outburst rise and can indicate either a truncated accretion disk or an outflowing corona (Fürst et al. 2015) . Assuming a neutral reflection disk the radius of the reflector ob-tained from the relxill model is 20 ± 5 R g and then increases to more than 75 R g in the last two observations. In the case of a highly ionised disk the radius of the reflector is highly variable (5.5 < R refl < 100 R g ). For the last two observations the radius of the reflector of a highly ionised disk is consistent within errors with the radii for a neutral reflection disk.
Assuming the lamppost geometry (relxilllp), and allowing for a free iron abundance, ionisation parameter, reflection disk radius and lamppost height, we obtain an iron abundance around 5, which increases to the maximum allowed value of 10 in the last two observations, an ionisation parameter indicating a highly ionized disk, a reflection disk radius below ∼ 3 R g , apart from the last observation where it is not constrained, and a highly variable lamppost height between ∼ 4 and 25 R g , apart from the last observation where it is not constrained. Assuming an iron abundance of 1.58 and a highly ionised disk, we obtain an increasing reflection disk radius, apart from obs. 4, and a variable lamppost height, which is not constrained in the last two observations. The spectral parameters are given in table 5. Fixing the reflection disk radius at the ISCO, does not help to reduce the variability in the lamppost height.
Discussion
In this study we made use of simultaneous XMMNewton and NuSTAR data obtained during the decay of the 2014/15 outburst of GX 339-4, to investigate the evolution of the energy spectra and variability during outburst decay in the 0.8 to 78 keV range. The HID derived from the available Swift/XRT monitoring data clearly shows that the XMM-Newton/NuSTAR observations of GX 339-4 followed the evolution of the source in the decaying branch of the outburst.
The coexisting of two different power spectral shapes in the soft and hard band during the hardto-soft state transition has been reported perviously (Yu & Zhang 2013; . In this study, the shape of the power density spectra is the same in the 1 -2 and 2 -10 keV band, as the PDS of both bands can be fitted by two BLN components. Thus, there is no sign of energy dependence of the power spectral shape during the soft-to-hard state transition. In Stiele & Yu (2015) , we found that for observations of GX 339-4 and other black hole X-ray binaries taken in the LHS during outburst rise, there is at least one BLN component which has a smaller characteristic frequency in the 1 -2 keV band compared to its characteristic frequency in the 2 -10 keV band. In this study, we find this difference in characteristic frequency only for obs. 4 and 5, while for all other observations the characteristic frequencies in these two bands agree within errors. According to the picture given in Stiele & Yu (2015) , characteristic frequencies, which are consistent between both bands, imply that the disk ends far away from the black hole and that the photons in both bands experience a similar number of scatterings. The decrease of the break frequency in the PDS along outburst decay, indicates an increasing inner disk radius .
Investigation of the combined XMM-Newton/NuSTAR energy spectra revealed a decreasing photon index, which is in agreement with the hardening of GX 339-4 during outburst decay. The evolution of the accretion disk parameters (decreasing disk temperature, increasing inner disk radius) is in favour of the truncation disk model (e. g. Dubus et al. 2001; McClintock & Remillard 2006; Done et al. 2007 ). Regarding the inner disk radius obtained from the reflection component we find that the radius stays around 20 ± 5 R g in the first four observation and then increases dramatically to over 75 R g , assuming a neutral reflection disk. Given the large inner disk radius, which indicates a truncated accretion disk, a neutral disk is to be expected. If we allow for a free ionisation parameter, we find a highly ionised disk in the first observation, and a neutral disk in obs. 2, 3, and 4. Assuming a highly ionised disk in the first observation results in a smaller inner disk radius (and also in changes in the other spectral parameters) in this observation. The evolution of the spectral parameters is still consistent and in agreement with the truncation disk model.
The discrepancy between the inner disk radius of the accretion disk and that of the reflector can be related to the assumptions made in each model. The exact value of the inner disk radius derived from the disk blackbody normalization depends on the value of the hardening factor used (here 1.7). The uncertainty in the value of the hardening factor should not affect the evolution of the inner disk radius, as long as the hardening factor does not evolve during outburst decay. The diskbb model neglects the zero-torque inner boundary condition at the ISCO (Zimmerman et al. 2005 ) and the effects of strong disk irradiation by the hard X-rays (Gierliński et al. 2008; Vincent et al. 2016 ). The later effect should only be important in the first (few) observations, as both model components indicate a disk truncated far away from the ISCO in the last two observations. The value of the inner radius obtained from the reflection component depends on the ionisation state and surface density structure of the disk and on disk inclination . Furthermore, there is a degeneracy between the spin and the inner accretion disk, as for current available data, decreasing the spin or increasing the inner edge of the disk can be considered to be almost equivalent. In addition, currently available reflection models describe the illumination of an otherwise cold slab of gas. They do not take into account the hotter surface layers of the disk in the case of a black hole X-ray binary, which will have a significant effect upon the reflection spectrum (Ross & Fabian 2007) . Effects of the spatial extent of the corona, of coronal elevation and of mild relativistic outflow on the reflection spectrum, are also not included in currently available reflection models. In contrast to spectral studies of GX 339-4 during outburst rise based on Swift and NuSTAR observations (Fürst et al. 2015; Parker et al. 2016) , our spectra do not show indications of a broad iron line, and we do not require two different photon indices for the Comptonisation and reflection component. The XMM-Newton dataset allowed us to study for the first time the evolution of covariance spectra and ratios during outburst decay. Up-to-now studies of these properties mainly focus on outburst rise (Wilkinson & Uttley 2009; Stiele & Yu 2015) . Our study reveals that while the source hardens, the energyaveraged covariance ratio increases. This increase shows that the variability on long time scales (low frequencies) contributes more to the overall variability compared to the variability at short time scales (high frequencies) while GX 339-4 evolves along outburst decay. This behaviour also shows up in the PDS where the power in the top-flat part of the PDS at frequencies below 0.04 Hz clearly increases while the power in the decaying part of the PDS at frequencies above ∼0.3 Hz shows much less evolution, while the source hardens.
Furthermore, we find that the increase in covariance ratio towards lower energies steepens, while GX 339-4 hardens. The observed steepening of the increase implies that additional variability on long time scales becomes more and more important at soft energies while the source gets harder. In the scenario, in which the additional variability on long time scales and soft energies is thought to be due to intrinsic instabilities in the accretion disk (Wilkinson & Uttley 2009 ), which can be invoked by damped mass accretion rate variations or oscillations in the disk truncation radius (Lyubarskii 1997; Meyer-Hofmeister & Meyer 2003) , the observed steepening of the increase indicates an increase in the disk instabilities when GX 339-4 hardens. The observed evolution suggests that the stable disk of the soft state develops instabilities which get stronger when the source hardens.
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